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Report of Drs. Cole and Avery (assisted by Drs. Abernethy, Dubos, 

Goebel, Goodner, Hot&kiss, Horsfall, C. MacLeod, and Stillman) 

. Therapy of pneumonia. Shortly before the opening of this hospi- 

tal, Dr. Osler said, “Pneumonia is a self-limited disease, which can nei- 

ther be 

develop 

tention 

aborted nor cut short by any means at our command.N Attempts to 

methods for successfully treatirg; this disease have engaged the at-: 

of various members of the staff ever since the hospital was opened. 

This idea has been in the background of n large amount of oxperimcntal work 

which has yielded important rosults of general signific‘ance, at first sight 

not relatod directly to the larger problem, but nevertheless possibly hav- 

ing much importance for its ultimate solution. Such, for icstanco , have 

been the demonstration of the important part which carbohydrates play in 

immunological phenomena, and more recently the demonstration of the rolo 

of lipoids in immunity reactions. Indeod, such appnrontly unrolntod mnt- 

ters as incronso of knowlodge concorning gas exchange in the blood and new 

kr,owlodgo concerning the chemistry of sigars have had tho scam0 origin, and 

many other similar exaqlos might be mentioned, 

The main problem, howover, has not boon lost sight of, and many 

procedures which have been proposed for the treatment of pneumonia have 

been investigated--not only those proposed hero, but those which have been 

introduced elsewhere. Some of the latter have boon studied, not because 

they saomed of great value, but because they woro being midoly employed and 

because the resources of our hospital permitted a kind of intensive inves- 

tigation not possible elsewhere. These efforts grow out of a realization 

of the more immodiate obligation of the hospital to the medical profession 

and the public. Such studios mere those concerning ccrtnin chcmothorapoutic 
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drugs such as optochin, of oxygen therapy, of diathermy, and more rocontly 

of artificial pneumothorax. Conclusive evidence was brought to discredit 

certain of these measures, such as dinthormy, while in the case of others 

their exact value was sharply defined. 

During the past two years an icvostigation of the method of arti- 

ficial pneumothorax in the trentmont of pneumonia has bcon made, and a re- 

port on.tha first cases treated has been made by Abornethy, Horsfnll, a:~2 

MacLood. The results of this study indicnto that tho injection of small 

amounts of air into the pleura may bo cffcctive in certain cases ir rclicv- 

ir& tho sevoro pain, and so may indirectly be of value, but that tho proc3-a 

duro has no apparent affect on tho course of tho disoase, and indeed, com- 

plete collapse of the lung, which has beon advocated, may give rise to COW 

plications which aro distinctly harmful. 

The first therapeutic measure which was studied in tho hospital 

was treatment with immune horse sorum, and this study has been continued 

up to tho present tino. It qas undertaken because omerimental studios jr, 

animals indicated strongly that under certain conditions, at least, it night 

bo of valu8, and the first practical application made in this hospital ICC:- 

cated what these conditions might be. The work has been continued all these 

years in order that those conditions might be accurately definod, that the 

method might bo developed so as to have a wider application, and finally, 

that 8Vid8nCe might be obtained which w&d be sufficiently convincing to 

influence its general adoption, The nork was continued in the face of some 

discouragemost, but the main facts have now beor, established, ,and the great 

valua of Type I immune strum in the treatnont of cases due to the honolo- 

gous organisn h2s now received gcnoral recognition. Four hundred and sixty 

two casts of Type I pnoumocin havo non boon treated in this hospital, with 
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a mortality rate of 10.5 per cent. Of the cases treated within, the first 

three days, the mortality rate has been 4.8 per cent, in those treated on 

the fourth day or earlier, 8.2 per cent, on the fifth day or earlier, 8.6 

per cant, and in those treatod after the fifth day, 19.5 per cent. Of the 

last 25 patients, all treated with concentrated serum aEd most of them 

trentod early, not ono has died. Whon it is remembered that the general 

mortality rato of Type I pneumonia not trentod with serum has been not 

less than 20 psr cent, more likely 25 por cant, the effectiveness of serum 

treatment in this condition is obvious. 

Largely through the influence of this hospital, Type I pneumonia 

is coming to be racognized as a specific infectious disoase. Of this con- 

dition cot loss than 25,000 porsocs non di8 8aCh year in this UOuntry, more. 

than twice as many as ever died of typhoid fever when it was nest prevalent. 

The first serum used was mad8 by the hospital, but later the preparation of 

the serum was undort,iken by the New York State Board of Health, and through 

the cooperation of Dr. Wadsworth, Director of tho Laboratory of the State . 

Board of Health, w-8 have rccoivod free of charge all tho serum we have used. 

This soram has cost the State many thousands of dollars. 

During tho past few years a campaign has been carried out by the 

Stat8 Board of H8alth of Massachusetts to promote tho use of this S8I’Ul 

and to assist the doctors in administering it. A similar campaign is now 

being undertoken by the New York State Board of Health, and the SOYXJZI is 

being used extonsivoly in England, Prom the very begirning, the Hospital 

has not engaged in offorts rapidly to oxtond its use, feoling that our 

proper function should be to bring evidence by demonstration of its use- 

fulness, to IX&~ every effort to have it usod in a proper ar,d sciectific 

nannor, and especially to learn more about its nodc of action, aznd to devise 
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nethods for adapting this or other specific methods to the treatment of 

other types of pneumonia. 

The immunological significance of the lipids of actipcoumococclls 

sera.. (Goodnor and Horsfall) Antipneumococcus horse and rabbit s3ra cx- 

hibit nary contrasting properties. Tho more outstanding of these are shorn: 

in the following table: 

_- 
Precipitate with capsular poly- 
snccharide l:lO,OOO 

Macroscopic 

Microscopic 

Complonent fixation with capsular 
polysaccharide 

Passivo sensitization of guicoa 
pig to capsular polysacchnrido 

Capsular nQuellungs or snollir& 
phenomenon 

Protective prozono 

Precipitation of immune fraction 
by 9 volunos of distilled water 

Reaction with degradation prod- 
ucts of capsular polysaccharide 

&tipneunococcus 
Horso Sornm -- 

Granular cake 

2 

+ . 

f 

+ 

Antipneumococcus_ 
Rabbit r;cnm 

Translucent disc. 

Hyalifle 

9 

+ 

There are,, ir, addftior,, two further striking spocios diseimilari- 

ties. First, the capsular polysaccharide, of itself, is actigenic in the 

horse but not in the rabbit. The second point is the relation of the reac- 

tivity of these sera to lipids, the subject of this repott. 

1. Antipneumococcus ser5 lose their properties of specific a&p 

tination and precipitation after extraction nith lipid solvents. 
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2. Providing due precautions have been taken against denatura- 

tion of the proteins, this treatment in no may alters the capacity of the 

antibody to combine with the antigen. This is evidenced by specific ab- 

sorption with pneumococci and by the capacity of extracted antipneumococ- 

cus rabbit serum to give complement fixation rrith the capsular polysaccha- 

rides. Neither of these phenomena are dependent upon flocculation. More- 

over, if pneumococci are first treated with lipid-extracted serum, subse- 

quent addition of whole serum fails to brirg about agglutination. 

3. The agglutinating and precipitating properties of immune sera 

may, however, be restored in vitro by the addition of certain lipids. Thus -- 

nntipneumococcus horse serum regains its flocculating properties on the ad- 

dition of very small amounts of lecithin, while those of antipneumococcus 

rabbit serum return upon the addition of cephalic. The quantity of phos- 

ph+tide which is essential for this restoration is of the order of 0.025 

mg. per cc. of serum, an amount too small for accurate determination by 

present methods. 

4. If to the extracted serum cholesterol is first added, the 

further addition of lecithin or cephalin respectively does not restore the 

secondary properties. 

5. Antipneumocaccus sera from ten species of animals have been 

investigated in these respects. Those from man, the mouse, the goat, the 

cat and the dog are curczlogous to that of the horse; that is, lecithin is 

required for restoration of secondary flocculating properties after lipid 

extraction. None give complement fixation with pneumococci or the capsu- 

lar polysaccharidos, In these animals the capsular polysaccharides are 

antigenic. On the other hand, nntipneumococcus sera from guinea pigs, 

rats, and sheep possoss the attributes of that from the rabbit. Secondary 
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properties are restored by the addition of cephalin. Complement fixation 

is obtained. In none of thoso animals are the capsular polysaccheridcs 

antigcnic in their free form. No antipneumococcus serum has been found 

which does not fall into one of these two groups. 

6. Chemical analyses carried out upon precipitates obtained from 

the interaction of actipceumococcus sera and the specific polysaccharides 

shorn that from 5 to 80 por cent of the total mass of the precipitate may 

consist of lipid. ,Theso large amounts of lipid are readily determined by 

analytical methods. It is bclievcd that they are adsorbed on the immur,e 

aggrcgatcs. 

7. In the oquivalocco zone, that is, the range of combinations 

of antigen and antibody in which both are present in dissociated form, the 

entrair.cd. lipids in the immune precipitate consist of cholesterol, choler;- 

terol esters, and phosphatides. No neutral fat has been found. The cap-~- 

cities of those lipids to be adsorbed is in the order given. 

8. There is no characteristic quantitative difference in the 

lipid pattorn tither of the original horse and rabbit sera or of tho im- 

mune precipitates derived therefrom. There is, however, a qualitative dis- 

tinction in the adsorbed phosphatides, With immune horse serum cephalin 

is found ir. the precipitates, while with the immune rabbit precipitates 

the phosphatido is lecithin. The adsorbed phosphatides appear to occu&~y 

8 position paradoxical to those of the essential. Thus with immure horse 

ser-uz~ traces of locithir, EPO required for procipi$ttion, but the mass of 

phosphatido in the immune precipitate is cepLhalin. Conversely, with immune 

rabbit serum minute ‘amounts of cephalic are essential for restoration of 

activity but large amounts 0 f lecithin are found in the immune precipitates. 

9. The addition of various lipids tends to modify the protective 

action of antipcoumococcus sera, although here again thero are marked 



species differoccos, Thus ccither cholesterol, cephalin nor lecithin af- 

fects tho protective properties of antipneumococcus rabbit serum. On the 

other hand, the protection expected with antipneumococcus horse sorum is 

blocked by both cholesterol and cephalin. It may be noted that both of 

the latter are fifixsd” in the immune horse aggregates. Since ccphalin is 

not fixed by rabbit aggrogatcs, no action would bo expected. The failure 

of cholesterol to inhibit tho protection with immune rabbit serum is cx- 

plaiced by the fact that lecithin and cholesterol are antagonistic. 

The evidence thus far obtained and briefly summarized in the . 

foregoing paragraphs pormits the elaboration of the following conception. 

a. In those immune reactions, certain lipids are ossontial to the 

secondary phecomona of flocculation (precipitation and agglutination) but 

not cocccrned with the primary and fundcmcctal specific union of ar.tigcn 

and ant ibody. For nntipncumococcus sorn thcso li;lids are phosphatidcs and 

h,avc no snocificity in the usual immunological sense, but are rather dotcr- 

mined by the species source of the immune serum. In nature the antibody 

protein probably exists in combination with thcsc lipids, and many of the 

ratural proporties of the antibody, as, for example, its solubility, are 

largely conditioned by tho lipid portion of the molecule. 

b. Certain other lipids are bound or fixed by the immune aggre- 

gate, but are ~-essential for the visible phenomena of precipitation and 

agglutination. In one early phase in the course of flocculation, the im- 

mune aggregates bchavo as colloidal particles, and as such possess the 

property of adsorptive gels, There may or may not be a large variety of 

substances adsorbed on these particles, but it is certain that the lipids 

are taken down rather readily, and, as has been determined, constitute a 

significant portion of the final mess of the aggregate. In this process 
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the ramouzt of lipid adsorbed bmrs, ir, geceral, a defizitc relatiomhip to 

ths properties of tho nilicu, ar,d thus follows the gcr,erel laws of sdsorp- 

t ive phenoneca. Ir, addition, there is a cocspicuous lack of selectivity ex- 

cept ir. two respects: first, certain, lipids are more readily adsorbed t&r, 

others; secocd, the car,-essectial shosphatides are again. characteristic of 

the species, but are the opposites of tile escectial phosphatides. Sir&e 

the moats of these bound but hori-esocatial lipids are cot inconsiderable, 

they coctribute ir, a strikin, p sense to the properties of the irmme aggre- 

gates. biorcover, tire;7 play a dccisivo role ir, the protective action, of 

the irmur.e sera. 

The effect of enzymes OS the actigmicity of D~~OCOCCUS vac- 

cines (Dubos). Ur,dcr appropriate cocditions, the immu.rAzatior, of rabbits 

with lrvaccir.cs” prepared fron cultures of virulcht pccumococci my brirg 

about the production: of ar. actibody-a precipitiz-directed against the. 

typo-specific capsular polysaccharido of the strair, used ir, the vaccine. 

It has beer, shorn,, however, that this polysaccharide itself dots r.ot fuzc- 

tier, as 51l= aatigor, ir, the rabbit-- at least not in the form ir, which it has 

beer, chenically extracted fron the bacterial cells. All attempts to ob- - 

tain the hypothetical 1~capsular polysaccharido antiger,” ir, the fom of a 

solution have so far failed, and this failure has recderod.impossible a 

study of the chenical structure of the mtiger, ic question. It was thou&ht 

that the problon could bc attackad ir, mz icdirect way by the use of lcaonc 

mzjrmes which would imctivato the tne-specific antiger, acd reveal thereby 

the existccco azd r,atu.re of ccrtair. grows xd lirkages characteristic of 

its cozstitutior,. 

Heat-killed or fomalizcd suspehsiom of virulcct pr,eumococci 

were used as source of actigocs; tho mtcrinls wore tostod for antigenie 
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activity by the ictrcvecous injection, of rabbits, ad the presence of the 

nctibody rccogr,ized by the occurrcmo of a procipitir, reaction, bctnccr, the 

il?lxm9 serum zcd high dilutiorzs of the type-specific capsular polysaccba- 

rides. 

Gram-positive cocci are k~onr, to bo rcsistmt to tho action, of 

comno~: oczynos azd no could corfim tho fact that follomicg the nctior, of 

crystnllino trypsir, card chymotrypsic, ,md of comorcicll preparations of 

pcpsic, paprric, paccrontic lipaso ncd phosphataso, the cells ir, e prmmo- 

coccus vaccim renrrimd grcrlcrpositivc, ar,d, ir, the cases whore it was 

tested, rot&cod their specific nctigocicity. 

Two seto of observatiocs served as leads for the discovery of 

oczyncs cqmble of rocderizg izcffcctiva ir, rabbits the “capsular polysnc- 

charide nctigocV~: (1) P rovious studies fron this dopartnoct have cstab- 

lishod that rabbits icjoctod ictradermlly fail to produce typespecific 

procipitics; thus Cifforing fron t3oso imur.izod ictrvmously. This SW 

gootoe as a possiblo ejmlnmtior, the existace ir, t3o skir, of 301110 pr%miple 

cqablc of irzativatiq a part, at least, of tho pi~oUXIococcus nctigecc 

(2) It hm also been obsorcrod that rabbits imunizcd intraver,ously with 

autolysatos-or bilo solutiocs- of pcomococci failed to respocd with tho 

usual forimtiol= of ty-po”spcciiia procipitics. This ,agaic suggested that 

the processes of autolysis ad bile solutioc resulted in ar, imctivatiol: 

of the cmtigoc. 

lq As stated above, rabbits imunizod by repented intrndomal 

icjoctions fail to rcs?ond with tho formtior, of the capsular polysncchzz 

ride prccipitic, !l?o study this mttcr further, heat-killed cells of viru- 

1erLt pcemococci pore icJocted at differect sites icto the skir, of a rab- 

bit. T~UXC ir,jectoZ. areas rrerc cxcisod at diffcrmt ictermls of tine nr,d 
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microscopic preparations of tissue fragments were stained by the Gram 

technique. As early as 24 hours after injection, many pneumococci nere 

found to have undergone a process of extracellular digestion, some of them 

becoming much smaller, but remaining grwpositivc, others, on the con- 

trary, losing the ability to retain the Gram stain, but maintaining their 

morphology. Many of the gram-negative cells had boon engulfed by the leu- 

cocytcs. This process progrcssivoly iccroasod during the second and third 

days, until, on tho fifth day, only gr,mcogative bactorinl debris could 

be detected. These observations indicntod the sccrotion by loucocytes of 

a ferment capable of lysirg hoat-killed pnoumococci. 

An nttompt was mado to isolate this principle, and study its 

properties. Tho following tcchniquo gave very dependable, ca.nd rolativoly 

puro preparations. An oxudatc cocsistirg mostly of P.&N, cells nas o& 

tainod by injecting alouronato into the pleural cavity of a rabbit. Tho 

cells wore contrifugod, rosuspendod in saline and allonod to autolyze at 

45OC for 8 hours. The autolyssto was extracted with U/l0 H Cl, ,and the 

acid solution filtered through a Bcrkofeld candle; on neutralization (to 

pH 8.0) this filtrate gave an abundant--inert--precipitate which was 

readily romovod by centrifugalization. The clear sqornatant was preci- 

pitated with 3 per cent trichlomcatic acid and loft in contact with this 

rcagont for 3 hours. Wher, the Trecipitate was taken up in distilled rrator, 

most of it romaincd insolublo, but the solution Miss highly nctivo. Th$s 

solution, sepratod from the precipitnto, was ‘again procipitatod with 3 

per cect trichlorncotic acid, yioldirg a product ontiroly and readily solu- 

blo ir, mator. This natorial, apparently a protein, is soluble in acetone 

from which it precipitates or: neutralization. It r0s noccssary to carry 

out this last stop in the cold in order to avoid denaturization with ac- 
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companying loss of solubility and activity. 

Vhen tested on heat-killed pneumococci, this solution was found 

to change the cells from grai-positive to gram-negative, without, however, 

bringing about a complete dissolution of the formed elements. The enzyme 

has an optimum activity at slightly alkaline pH, but is also effective at 

pH 7.0. Although it resembles trypsin in some of its properties, it dif- 

fers from the latter in many rcqects; trypsin, for instance, causes marked 

cloarir. of suspensions of heat-killed pceumococci without changing the 

cells to grm-negative. Undor 2ropor conditions, 1 mg. of the enzyme ex- 

tracted from loucocytcs nil1 render gram-negative 200 mg. of heat-killed 

pneumococci (Type I). 

In 1921, Flomming demonstrated the presence in cggwhite, tears, 

and various ani.mal tissues, of a pricciplelysozymo-capable of lysing 

cultures of many saprophytic microorganisms, Two years ago, IC. Meyer do+ 

eloped a technique for the purJfication of lysozyme and democstratod the 

enzymatic nature of its action. Through his courtesy, VIC have been able 

to tost the action of pure lysozyme on pncumococci ‘and found that, also in- 

this case, thero occurs a loss of tho Grorn reaction, without any actual dis- 

solution of the cells. Lysozyme differs from the loucocyte enzyme pre 

viously described in many of its properties; for instance, it is much less 

stable at alkaline reactions, it is active against pneumococc$ onl~~ in . 

high concentrations, and has an optimum activity between pH 5.5 and 6.5. 

Furthermore, lysozymo acts upon a groat many different groups of henolytic 

streptococci, whereas the leucocyte onzymo is ineffective agnicst all the 

strains of streptococci tostcd. 

IV0 have, t’;loroforc, tno ezz~xos, c;w~cly, the one extracted from 

polymorphonuclecr loucocytos, and lysozyme, both of which have the property 
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of rendering heat-killed pceumococci gram-negative, without, however, caus- 

ing a complete dissolution of the cell bodies. If now rabbits are immunized 

by the intravenous route with veccines of virulent pneumococci treated by 

these enzymes, the animals fail to produce the capsular polysaccharide pre- 

ci$l.tins which regularly appear in the serum following intravenous immuniza-* 

tion with the untreated vaccine. It is, therefore, apparent that the action 

of these two enzymes renders ineffective the capsular antigen in rabbits. 

2. Avery and Nlen have demonstrated the existence in Pneumococcus 

of an onzymo-complex capable of lysing suspensions of hoat-killed pneumo- 

cocci. A further stG& has been made of tho methods of preparation and of 

the proportics of this oczymc. It was found, for instance, that each pneu- 

mococcus co11 contains @cough enzyme to recdor gr,am-negative 50 to 100 cocci 

killed at 6O’C; this point is of importance in view of the rapidity wit% 

which pnoumococci autolyzo under certain conditions& 

As in the case of the leucocyto enzymes, it was found that heatr 

killed or formalized vaccines entirely lost their activity as “capsular 

antigen” in the rabbit after trc?ntmont with an enzyme preparation derived 

from a pneumococcus autolysato. This action could be obtained urSing as the 

source of enzyme either an B or S variant, irrespective of type. Further- 

more, it was not necessary to us0 an amount of enzyme sufficient to cause 

complete dissolution of the cells; The mere change in the cocci from gram- 

positive to gr&nogative was dficient to deprive the cells of their. ’ 

specific antigenic behavior. 

It is, therofore, obvious that, in any attempt to extract in an ac- 

tive form the capsular antigen of Pncumococcus, groat care must be taken to 

prevent any autolysis in the course of the process. Two techniques have 

generally been advocated for obtaining solutions of prmmococci~ ‘(a) solu- 

tion in bile or bile salts, (b) disintegration of the cells by freezirg 
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and thawing. The effect of bile is generally attributed to its activity as 

a depressor of surface tension or as a poptising agent; repeated freezing 

and thawing is supposed to rupture the cells by the formation of ice crys- 

tals. These two techniques were subjected to an exacting experimental ana- 

lysis, and it was found impossible to obtain rupture of the cells by either 

one of them under conditions that did not allow enzymatic action, The ex- 

perimental results may be summarized as follows: (1) bile solubility, and 

susceptibility to freezing and thawing are not dependent upon viability of 

the cells; both properties are still present when tho cells have been killed 

by agents nhich do not iractivatc tho cellular- enzymes; (2) both properties 

disappear vrhon tho ensymos have been inactivated by heat or by poisons: 

(3) both proccssos are ineffcctivo mhun carried out in acid or alkaline 

roac tions, outside the range of activity of the autolytic enzyme: (4) they 

are ineffective nhen the tcmperaturo is at no time allowed to reach a level 

at which cnzymo action can tilko place, 

Many other techniques have been developed to put pneumococci in 

solution, but all of thorn involve as a necessary step an action of that en- 

zyme which renders the cells gram-negative. And it is this change which 

seems to render the capsular polysaccharide antigen ineffective in the 

rabbit. 

Three enzymes have, thorefore, been demonstrated to have the power 

of inactivating the polysaccharide antigen of virulent pneumococci, namely, 

tho loucocyto enzyme, lysozyme, md tho pneumococcus autolytic enzyme. The 

nature of these enzymes is still unknown, although IL Meyer has presented 

some evidence indicating that lysozyme acts as a muciraso. Of much signi- 

ficance is the fact that any action rendering pnourpococci gram-negative also 

impairs their ability to act as a complete antigen. Caroful microscopic 
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cxaminatior, has shorn that hoatiag a cell suspcnsior, of pccunococci to 60°, 

which is the usual method of preparing vaccicos, does cot prcvmt a ccrtaic 

anout of autolysis fron takicg place. Diffci-mt teckiriques for preparicg 

bacterial vacciccs Ed the actigccic efficacy of the rcsulticg prepamtiom 

are COR boihg studied. It is hopod that these icvcstigatiocs will assist 

ic denocstrating tha raturo of tho “capsular polysnccharide actigec.1’ 

The nyathesis of urohic acids and their cheno-irmmological rela- 

tiocship to the suecifici ty of bacterial polysaccharidos (Goebcl and 

Hot&kiss). Tho immological specificity of eccapsulntcd nicroorgaxisns 

nay bo attributed to the specific polysaccharidos which cocstitute a part 

of the eccapsulating mterisl. It has beer, obsorvcd ir. our laboratory that 

all of tho specific bactorinl polysaccharidos thus far icvestigated coctair, 

certnir. sugar acids, urocic acids, nhich form ac ir.tegml part of the speci- 

f ic carbohydrat c nolccules. Those uranic acids are believed to lnvo a nore 

importmt fmctior, ir, detcmicirg the type specificity of bnctcrial polysac- 

charides than do the hexose cohstituects with which the uror,ic acids are 

conbicod. 

In support of this vierr, the immological properties of 87: nrtili- 

cial mtigen, prepared by conbinkg the p-micobenzyl glycoside of glucuronic 

acid nith foroigr, proteic, have beer, investigated md conparod nith those of 

a similar mtigor, coctaicirg the p-micobonzyl glycoside of glucose. It has 

beer found that rabbits imur,ized with the artificial glucurocic acid acti- 

gen givo rise to specific mtibodies which bear co serological relationship 

to tho antibodies elicltcd by tho glucose mtigcn, 

Ir, previous roports it has beer, shorn that ia artificial cnrbohydrate- 

protoir,-antigons cor,taicirg hexoses ad disaccharides, certain identities in 

the stcreochcnical cosfiguratio 1= of the carbohydrate radicals are refl&ted 
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in the antibodies to which the antigens give rise. The stereochemical re- 

lationship of the asymmetric carbon atoms of the p-aminobenzyl glycosides 

of glucose and of glucuronic acid may be seen from‘the followirzg structural 

formulae: 

(6) 
Cp20H 

(6) 
COOH 
I 

p-aminobenzyl glycoside of glucose p-sminobenzyl glycoside of glucuronic 
acid 

It is apparent that the stereochemical configuration of the two gly- 

cosides is in each instance identical. They differ only in that the glyco- 

side of glucose contains a non-polar primary alcohol (CH20H) in the sixth 

positioc, whereas in the glucuronic acid glycoside molecule, a highly polar 

carboxyl (COOH) occupies this positioc. The specificity of the antibodies 

induced by actigecs contair,iEg these two glycosides is so sharpJy deficed 

that they exhibit no serological crossing .whatsoever. This singular selec- 

tivity must be attributed, therefore, to differences in the chemical group- 

ings occupying the sixth position in each glycoside molecule. 

It has previously been found that the specific polysaccharides of 

Types II, III, and VIII pneumococcus are constituted of molecules of glucose 

and glucuronic acid in varying proportions. The important role played by 

the highly polar uranic acids as determinants of the immunological proper- 

ties of encapsulated microorganisms is clearly demonstrated by the following 

fact: the artificial glucuronic acid-protein antigen reacts in Types II, III, 

and VIII antipneumococcus horse sera, in dilutions of one part in one mil- 

lion, whereas the corresponding glucose antigen is serologically inert. In 



these instances, the serological activity of the artificial glucuronic acid- 

protein antigen must be attributed to the interaction of antibodies elicited 

by the highly polar uranic acid constituent of the bacterial polysaccharides, 

with similar groups in the artificial antigen. Despite the fact that the 

artificial glucuronic acid-protein antigen possesses these unusual immunolo- 

gical properties, it does not ovoke antibodies capable of protecting animals 

against eqerimental pneumococcus infection. The reason for this may lie in 

the fact that the glucuronic acid constituent of the artificial antigen does 

not approximato closely enough the urocic acid constituents of the specific 

bacterial polysaccharides, Tho latter substances contain aldobionic acids, 

disaccharides of which glucuronic acid is but ace component, 

The preparation of artificial nldobionic acid-protein antigens ncc- 

essitates the acquisition of considerable quantities of those acids, either 

by isolation from natural sources or by chemical synthesis. The aldobionic 

acid obtained from gum acacia, galactose4-glucuronide, has been selected 

as more suitable for preliminary oxporimonts than the rarer aldobionic acids 

of the bacterial polysaccharides. A method has now been developed for the 

preparation of the bromo-heptacetyl methyl ester of the aldobionic acid from 

gum acacia, This derivative will serve as an important intermediate for the 

preparation of the corresponding aldobiocic acid-protein zuztigec. 

Chemical eynthesis as a method of obtaining aldobiocic acids has 

awaited the development of the chemistry of gluouronic acid. 

preparation of aoetohalogen derivatives of glucuronic acid in this labora- 

tory has cow made possible the synthesis, cot only of conjugated glucuronides, 

but of aldobiocic acids as well. 



The synthesis of the ,8-heptacetyl methyl ester of the aldobionic 

acid, glucose-6-B-glucuronide: 

yrr, OAc 
i 

H H 
has been accomplished by condensing 1, 2, 3, 4-tetracetylglucose with l- 

bronotriacetyl-glucuronic acid methyl ester. The ,&-heptacetate so obtained 

has been converted into the <x-modification, which is isomeric but not iden- 

tical with the &-heptacetyl methyl ester of the aldobionic acid derived from 

types III and VIII pneumococcus polysaccharides. The application of analo- 

gous synthetic procedures should soon make possible the preparation in the 

laboratory of aldobionic acids identical with those present in the soluble 

specific substance elaborated by Pneumococcus. 
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